The problem of laminar natural-convective flow between parallel plates was first studied by Elenbass [3] . Experimental work was also done by Kobayashi [11] .
These investigations greatly improved the understanding of the effects of the inlet velocity profiles and the nature of the fluid pressures within the channel.
The broad spectrum of temperature differences experienced during the normal operation of the Trombe wall results in low to moderately high volume flow rates. Thus, the purpose of this study is to extend the previous work to Trombe wall dimensions, to regions of lower flow rates and unequal surface temperatures and to provide the results in an easily used form. This phase is restricted to the study of laminar flow between two parallel plates, each of which is at some effective uniform temperature, for a wide range of flow rates. For very low -2- volumetric flow rates, the performance characteristics can apparently be estimated using single plate formulations. Several correlations have been developed from the computed results which may be useful in building design.
THEORY
The geometry of the flow problem considered is shown in Figure 1 .
Two parallel, infinitely wide vertical plates, perfectly insulated on the outside, have their bases in contact with a calm fluid at temperature To. The temperatures of the plates are constant and uniform at values T g and T w both of which are greater than To.
Fluid properties, except density, are assumed to be independent of temperature. The decrease of fluid density upon heating is solely responsible for buoyancy forces which induce upward flow in the channel.
The flow is assumed to be steady, laminar, compressible, and is governed by the equations of continuity, momentum and energy, which simplify to:
The pressure within the channel, p, will be less than the hydrostatis pressure, Poo' outside the channel at the same elevation. The difference between them, (p-p ), is the pressure defect.
-3-
These relations may be restated in dimensionless form using variables in Nomenclature. Assuming that Gr~1, the governing equations reduce to:
au/ax + av/av = a uau/ax + vaujdV ap/av = a and (5)
The boundary conditions are:
x = a and for a < v < 1;
a < x < L and V = 0; U = 0, V = 0, e = e g a < x < L and V = 1;
(10) (12 ) Po' the pressure defect at the inlet, is a function of U o ' the inlet velocity profile, which should be determined by the analysis of the "free-boundari' problem. Because of the effort to obtain information on the behavior of the flow at low volumetric flow rates, a constant inlet velocity profile, and an inlet pressure defect value of _Q2/2 were selected. This term in the pressure defect at the entrance represents only the dynamic contribution. Other terms, which are unknown and not included, are the effects of eddys and turbulence, and would result in a somewhat more negative pressure defect. However, -4- because a great variety of inlet and exit configurations are possible in the practical construction of a Trombe wall, these assumptions are judged to be appropriate at this time. Experiments, now in the planning stages, are addressing these issues.
The dimensionless, volumetric flow rate is which must remain constant throughout the channel. The dimensionless rate of heat absorption by the fluid up to a particular elevation X is (14 ) The mixed-mean fluid temperature at a particular elevation X in dimensionless form is (15 ) The local Nusselt numbers at the glass and wall surfaces are respectively,
Nux,w = hx,w b/k = (a8/ay)x,w and the total local Nusselt number is expressed as Nu t = Nu + x, x,9 Nu .
X,w
In addition we may define a total average Nusselt number as
where H L is the rate of total heat absorption by the fluid at the exit elevation, X = L.
FINITE-DIFFERENCE FORMULATION AND THE METHOD OF SOLUTION
The equations were solved using a forward-marching, line-by-line implicit finite-difference technique permitting iterations on each new line similar to that described by Aihara [llJ.
A rectangular grid, across the channel width, see Figure 2 , is used to establish the increments of the finite-difference approximations to eqns. Upon substituting the finite-difference approximations into eqns.
(5), (6) and (8), then making use of the boundary conditions, a set of (K-2) linear equations for Uj+l,k' 8 j + l ,k and Vj+l,k are obtained. The energy, momentum, and continuity equations in matrix form are:
where 
where As the heating becomes asymmetric, the fluid flow away from the cooler surface is noticeably greater than that from the warmer side The pressure defect as a function of the channel height is shown in Figure 6 . The behavior shows that at the high flows, the pressure defect rapidly becomes more negative in the first portion of the channel, then reverses and gradually reaches zero which defines the channel exit.
The initial decrease is due primarily to the tremendous adjustment of the flow profile as a result of friction with the stationary surfaces.
At very low flow rates the behavior becomes very nearly linear soon after entry. It is for this reason that a linear extrapolation of the pressure defect as a function of X is a good approximation at the lower volumetric flows as discussed in Appendix 1. 
CORRELATIONS FOR DESIGN PURPOSES
Ideally, the designer could predict the convective performance of the Trombe wall. Simulation programs can be developed, which require as inputs, simply, the wall height, the glazing to wall distance and the glazing type. Wall and inside glazing surface temperatures would be calculated by the program at regular time intervals using a weather data tape. The output would be in the form of an air volumetric flow rate at an average temperature, f, or simply a heat flux.
In the following paragraphs, attention is directed to the prediction of the laminar convective performance of the Trombe wall. Least squares techniques were used to express useful parameters in a form which can be readily incorporated in a design computation.
Of practical interest is the rate of accumulated heat, h x ' by all the fluid in the channel, at and below elevation point x of the channel. unwarranted.
An example of the predictions given by the correlations for free convective laminar flow is provided in Appendix 2.
-18-the derivation of which is alluded to by Aihara. If, after the fourth iteration convergence is not reached, a new pressure gradient, (dP/dX)j~~5), is found by linear interpolation of (dP/dX)j~~3)
Thereafter the above process is repeated every other iteration using the latest two values of Qj+l'
In regions of low volumetric flow, instances of numerical instability were encountered and convergence was not always achieved. This problem was circumvented to a large degree by regulating the X dimension grid sizes; i.e., as the flow rates were decreased, the initial values of 6X were diminished, and the rate of increase for 6X was regulated with a multiplier, M, using the following relation:
In addition, dP/dX was linearly extrapolated to the next higher row whenever instability was sensed. The normal mode of calculation was resumed immediately thereafter.
Prior to a series of computations, exploratory runs were made to see if instability was to be anticipated and to compare results from a finer X grid with those of coarser grids. The ranges of initial grid sizes and the multipliers for a sample of volumetric flow rates studied are presented in Table Al . The following relations exist: 
